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The Association of Southeast Asian Nations, also known as ASEAN, is one of the areas supporting competitive, diverse, and fast market growth. Gross Domestic Product is an indicator of economic growth of a country, particularly for the ASEAN member countries such as the Philippines, Indonesia, Malaysia, Singapore, and Thailand. These countries were selected based on the largest gross domestic income according to the International Monetary Fund (IMF) as shown in Table 1 .
Investments can be made using various instruments, namely, stocks, mutual funds, commercial paper, bonds, futures contracts on securities, and so on 1 . In the research context, investment refers to the act of investing in a company through the buying of stocks. In the capital market, especially stocks, investors pay attention to the index joint stock price. The stock price index is an indicator reflecting the movement of stock prices; it serves as a guideline for investors to invest in capital markets, especially stocks 2 .
Currently, stock investment has a high risk; the risk-return trade-off indicates that the expected rate of return will increase along with the level of risk. This is often called as high risk-high return. The risk in financial means refers to volatility that can cause a difference in the calculation of expected returns (Tsay, 2005) .
There are various models of volatility estimators such as the Exponential Generalised Autoregressive Conditional Heteroscedasticity (EGARCH) developed by Nelson (1991) , Fractionally Integrated Generalized Autoregressive Conditional Heteroscedasticity (FIGARCH) developed by Baillie et al. (1996) , Generalized Autoregressive Conditional Heteroscedasticity (GARCH) developed by Bollerslev (1986) , Glosten Jagannathan Runkle Generalized Autoregressive Conditional Heteroscedasticity (GJR-GARCH) popularized by Glosten et al. (1993) and Multifractal Model of Asset Return (MMAR) developed by Mandelbrot et al. (1997) .
For large data, the GARCH model can be used, because it will give more accurate results. However, one drawback of GARCH is that it does not show the leverage effect that is observed in the EGARCH model. The FIGARCH model is an ARCH extension; the model includes EGARCH and permanent transitory components model in long-term memory. To complement the factors not observed in EGARCH, FIGARCH, GARCH, and GJR-GARCH models, the MMAR model is used (Kim et al., 2014) .
The advantages of MMAR model is its ability to model the most important stylized facts of the financial time series, such as fat tails, long memory, and trading time properties. According to Di Matteo et al. (2005) , the most important advantage over the FIGARCH method is the scale consistency property, where the aggregation characteristics of the data (different sample numbers) can be used for testing and identifying the model. Given the differences in these models, it is essential to determine the best model for estimating volatility in the ASEAN share index. By using a stable model, which better reflects the real data, the investors can analyze the volatility and the managers may decide whether to invest or not, besides that, the market can use Efficient Market Hypothesis (EMH) or Fractal Market Hypothesis (FMH) to analyze the market behaviors (Satchell & Knight, 2011) . In the EMH, the market is said to be efficient when the price in the existing markets fully reflects information. Meanwhile, the FMH says that the market consists of various investors who have different investment zones and their own information analyses, resulting in asymmetric information. If the market follows the EMH, then the market cannot be predicted, because it will move randomly. If the market follows the FMH, then the market will be predictable in the long term, because the price movements are more volatile in the short run. The knowledge of this relationship can be an advantage for investors, especially those who want to invest money for the long term.
Based on the above explanation, it has become essential to determine the model (GARCH, EGARCH, FIGARCH, GJR-GARCH, and MMAR) best suitable for stock market conditions, particularly in the ASEAN countries. This research studied the behavior of the stock markets in ASEAN countries (Indonesia, Malaysia, Singapore, Thailand, and the Philippines). This study focused on the movement of stock indexes such as the Philippines Stock Exchange Index, Jakarta Stock Exchange Composite Index, FTSE Bursa Malaysia KLCI Index-Kuala Lumpur Composite Index, Straits Times Index (STI), and Thailand Stock Exchange Index by using the data from January 1, 2001 to January 31, 2016.
Therefore, this study has two objectives. The first aim was to determine the differences between the models GARCH, EGARCH, FIGARCH, GJR-GARCH, and MMAR that could reflect volatility in the Philippines, Indonesia, Malaysia, Singapore, and Thailand stock index. The second aim is to differentiate between MMAR model and other models such as GARCH, EGARCH, FIGARCH, and GJR-GARCH.
LITERATURE REVIEW
According to Day and Lewis (1992) and Thomas (2008) , volatility can predict call prices on corporate underlying assets in the future. Volatility implies an unpredictable and rapid change; in finances to calculate such changes, Value at Risk (VaR), beta calculation in Capital Asset Pricing Model (CAPM), etc. are generally used. Volatility changes are found in the time series. In the financial series, it shows certain patterns that are crucial for model specifications, estimations and prediction. Fama (1990) used the efficient hypothesis theory to test the capital market capabilities in engaging and responding to information, i.e. three forms of information such as weak test form, semi-strong test, and strong test. In the EMH, the stock price change is a random walk. Therefore, the information available today is the current information and future information; due to the presence of these two kinds of information, the price is unpredictable.
In line with the development of time, there are several disagreements with the concept of EMH. In this case, the view is that the stock price behavior is the same as natural events such as floods, changes in air temperature, and so forth, indicating that there is a link between one event and the next.
These natural events can be analyzed by simple rules with the help of the fractal concept. Therefore, stock price behavior should be analyzed using fractal concept (Jamdee, 2005) . The hypothesis emphasizes the impact of liquidity and investment areas on investor behavior. The purpose of this hypothesis is to provide a model of investor behavior and market price movements based on observations. The market exists to provide stability and liquidity environment of trade. The market will remain stable when many investors participate in different investment areas. As long as other investors have a long-investment territory than the investors experiencing a crisis, the market will stabilize on its own. Therefore, risks should be shared at the same level by investors. By sharing the risks, the market will explain why the distribution frequency of returns looks the same in that investment area. This FMH is proposed because of the statistical structure similar to the risks (Peters, 1994) . According to Peters (1994) , there are five points raised in the FMH: (1) stable market, when compiled from investors who closed the region, a lot of investment is mandatory for liquidity guarantee for traders; (2) the collection of information is related more to market sentiments and factor techniques in the short term rather than in the long term; (3) if something happens, then the validity of the basic information is questionable, so long-term investors should stop participating in the market or start trading on a collection basis for short-term information; (4) price combination of short-term trading techniques and long-term valuation basis may be more volatile than long-term transaction; and (5) if securities have no economic relationship, then there will be no trend in the long term. Due to this stability, the FMH will have a predictable pattern.
In his research, Günay (2016) provided evidence of the stock market on stock indexes in Croatia, Poland, Turkey, and Greece. Fillol (2003) found that MMAR method is better than the GARCH or FIGARCH methods for replicating the main scaling features observed in the financial series of the stock market in France. The MMAR was popularized by Mandelbrot et al. (1997) , but the model is based on Hurst's (1956) research on the problem of long-term storage in the market. Mandelbrot et al. (1997) combined the concept of long memory in GARCH method, which can keep the price of martingale property along with long memory in absolute return value. He also stated that the consistency of scale in GARCH literature, which gives the effect of aggregation characteristic of data with different number of samples that, can be used for testing and identifying the model (Toggins, 2008 ). Liu and Hung (2010) produced the most accurate volatility predictions followed by the model EGARCH where the data used are stock index S&P 100. The research also indicates the existence of asymmetric components, so it is worth considering the use of models from GJR-GARCH and EGARCH in the calculation of stock index volatility in ASEAN countries.
METHODOLOGY
The research includes quantitative data using an econometric model, where the GARCH, EGARCH, FIGARCH, GJR-GARCH, and MMAR models are used. This study uses data from stock index in five ASEAN countries (Indonesia, Malaysia, Singapore, the Philippines, and Thailand) during the period from January 1, 2002 to January 31, 2016 ( Figure  1 ). The data have been obtained and calculated by log return equation:
where t P is the price of the stock index at time . 
The slope equation will be:
The Hurst exponent will be:
Then the Aggregate Variance Method (AV M), u sing the equation:
So the slope of AVM will be caculated:
The Multifractal Model of Asset Return will be represented:
Finally, the Newton-Quasi Method will be represented on:
Furthermore, mono-fractal analysis is performed, where the analysis uses Hurst exponent, using two ways: the previously mentioned Detrended Fluctuation Analysis (DFA) and the Aggregate Variance Method (AVM). According to Kim et al. (2014) , to calculate Hurst exponent using the DFA, the input log return to Jarque-Bera test and GARCH will result in a linear relationship between ( ) α After getting both parameters, according to Jamdee et al. (2005) , the average and variance can be calculated along with the standard deviation by using Eqs. (9) and (10) .
In the analysis process, the Hurst exponent obtained in the second step and the results of parameters that have been calculated in the third step starting from statistics descriptive to MMAR are analyzed (Matos et al., 2008) . The results of these parameters can explain the characteristics of stock indexes in the Philippines, Indonesia, Malaysia, Singapore and Thailand that indirectly can describe the movement of stocks in those countries.
After the analysis, the next stage is to create a simulation, where the simulation results are calculated with Monte Carlo method based on pa- 
RESULTS AND DISCUSSION
The results obtained for descriptive statistics are shown in Table 2 .
The mean value of the calculation shows that it is approaching zero. Based on the standard deviation, it appears that Indonesia has the largest volatility, followed by Thailand, the Philippines, Singapore, and Malaysia. The result implied that it crates higher uncertainty and risk. But it also creates a higher chance of abnormal returns (Kim, 2014) . The results showed a change in the different volatility patterns for different types of stocks. The impact of rumors on each share is different and rumors do not always increase the grouping of stock price vol-atility. Changes in the pattern of stock price volatility due to rumors not always move the stock price trend up (down). As a result, the implementation of the strategy "buys on rumors, sell on news "will be different for each share and need to be adjusted to the pattern volatility (asymmetrical or symmetrical)". If viewed on the basis of skewness, the whole state has negative skewness; in other words, the return sequence is leaning to the left (Fama, 1990) , so the left tail is longer than the right tail. In the world of investment, the curve has a negative skewness will result in losses for investors. If the data in the study are a return data, meaning that the distribution curve is skewed negative returns, the return value of negative median and mode in which it indicates that the returns are mostly negative returns/ decrease (Fama, 1990; Day, 1992 ).
Kurtosis has a value greater than three such that the distribution is not normal where Kurtosis with a value of > 3 indicated that the distribution curve has a more pointed peak compared to the normal curve, and this curve tends to be positive and is called leptokurtic. Leptokurtic distribution is the distribution that usually describes the distribution of asset returns. This distribution is due to the volatility grouping (Campbell, 1992) . Kirchler (2007) suggested that information heterogeneity is the main actor in trading activities, volatility and the appearance of fat-tails. Thus from the result showed that there are volatility clustering, the result also found that Malaysia has the largest kurtosis among the five countries. The Jarque-Bera test was used to see whether the data are normally distributed or not (Toggins, 2008) . If it is not normally distributed, the data contained elements of time varying volatility. Based on Table 2 , all return ranges are located far from normal distribution. Note: *p < 2.2e−16.
Next is mono-fractal analysis to see if there is memory on a refund series (Peters, 1994) . This is done in two ways: DFA and AVM. The Hurst exponent lies in the range 0 1. H << If the Hurst exponent is 0.5, then the process is said to follow a random walk. When the Hurst exponent is greater than 0.5, it suggests positive long-range autocorrelation in the return series or persistence in the stock price series.
The calculated results are presented in Table  3 . Based on the results, its value is around 0.5 and the closest is Singapore using the DFA and Thailand using the AVM method. So if in Table  3 Hurst exponent values obtained about 0.5 indicating a persistent value for the time series against the trend and have the effect of long-term memory (Kim, 2014) , where the value of the shares currently affected by the previous values in the long term. Thus a prediction can be made on the stock index because the value is not completely random. But in the DFA method, it appears that the Philippines does not have long-term memory so that there is a possibility that the estimator model is the GARCH model, because it is a fairly common model in finance due to its simplicity. Table 4 , the coefficient is used to calculate the reaction of the volatility at any given time against the market; so, volatility is sensitive to market events (Alexander, 2001 ). According to Dedi (2016) , the ARCH parameter of α usually ranges from 0.05 (for a relatively stable market) and around 0.1 (for an anxious market). In other words, α measures the extent of the shock on the feedback generated volatility today following period, and αβ + measures the rate at which these effects die over time. Table 4 shows that only Singapore has stable market. Meanwhile, Indonesia, the Philippines and Malaysia tended to jump.
Based on the estimation of GARCH model in
The beta coefficient indicates that the shocks to special variance take a long time to die out so that volatility follows before or is said to be persistent (Alexander, 2001 ). Persistence in volatility indicates a long memory on return variance (Engle & Bollerslev, 1986 ). The sum of alpha α and beta β is less from one for all countries, and this shows that the process of return is stationary (Alexander, 2008) . According to Dedi (2016) , long term (cumulative) effect of past shocks on returns is measured by the GARCH parameter , β which usually ranges between 0.85 and 0.98. Thus, Table 4 shows that Singapore has the highest persistence and Thailand is the lowest.
According to Dedi (2016) , to see the size of the volatility persistence, the sum of the ARCH and GARCH coefficient values must be used. If that number is closer to one that means the shock effect fades very slowly. The lower the GARCH and ARCH effect value, the faster the effect fades.
The EGARCH model in Table 5 showed asymmetrical effects that are produced based on past shocks in volatility. Therefore, changes occur in volatility to good and bad information incorporated in the model (Alexander, 2008) ; these asymmetrical effects are shown by parameter g. The results show that it is the leverage effect where negative shock return creates volatility greater than positive returns. As seen in Table 5 , Thailand has the smallest value, indicating that there is a considerable effect on volatility caused by shock negative return. Table 6 are shown for asymmetry and tail statistics. The difference fractional d is a test for longterm memory in which volatility 0 0.5 d << is the evidence of long-term memory. As shown in Table 6 , the Philippines, Indonesia, Malaysia, and Thailand have 0.5, d < indicating that there is long-term memory. Especially for Singapore, it appears that d is at 0. 5 1, d << indicating that shortterm memory and shocks that have been passed can have an effect on the current payback. In the GJR-GARCH model the leverage is around l. The results presented in Table 6 show that the shocks are negative and has a large volatility impact compared to positive shocks. Thailand has the greatest value so the effects of negative shocks have a big impact on volatility rather than positive shocks. This effect is followed by the state Indonesia, the Philippines, Malaysia and Singapore. Table 6 determines whether or not the mono-fractal return series is multifractal, the graph of the scaling function should be prepared. The scaling function of the five composite stock indexes is graphed with the x-axis being q that runs from −5 to 5. In Figure 2 , the scaling function graph is not linear like the one in the mono-fractal time series. So, it can be concluded that this return series is multifractal (Jamdee, 2005) . According to Jamdee and Los (2005) , the partition function should be parallel to a horizontal line, reflecting a connection with Hurst. The exponent and q values shown are at the two values seen in Figure  3 . With the estimated q results contained in Table  6 , the q for the Philippines, Indonesia, Malaysia, Singapore, and Thailand runs parallel to the horizontal axis that lies in the range number two. Table 7 , it appears that Malaysia has the highest Hurst exponent among other countries. This shows that the stock index of Malaysia's merger is persistent or can be said to have long-term memory. Although the Philippines has long-term memory but it is not as high as that of Indonesia, Malaysia, Singapore, and Thailand. This is based on the results that show the existing stock index is not a random walk series. shows that Singapore has the largest q result = 1, indicating that there is a relationship between market persistent level and persistent level information process on the Singapore stock market. But for the variance, the Philippines have the greatest variance compared to other countries. This shows that the Philippine stock market is affected by the vast range of information events.
Based on the parameters calculated in Table 8 , i.e. GARCH, EGARCH, FIGARCH, GJR-GARCH, and MMAR, 1,000 simulations were created for each model with the Monte Carlo method. The purpose of simulation with Monte Carlo method is to analyze the performance of the method (Hurst, 1956 ). This is done to calculate the scaling function of the simulation results obtained and then compare it to the scaling function derived from the actual data. The results of scaling function for q from −5 up to 5 and for each country are shown in Table 9 . The best model is that whose simulated results are the closest to its original scaling function. It was found that GARCH is the best model for the Philippines because of scaling function for the point q from −5 to 5; the GARCH model has the value closest to the original return sequence. The MMAR model is the best model for Malaysia, Singapore, and Thailand with a difference value on the scaling function that is not far from the original return sequence. For Indonesia, the best model is EGARCH. The comprehensive result also calculated the standard deviation of the difference between the scaling function of the original return sequence with scaling function simulation data given in Table 7 . The MMAR model has the least standard deviation compared to other methods, except for the Philippines and Indonesia as each country has its own best model, i.e. GARCH and EGARCH, respectively (Figure 4 ). 
CONCLUSION
Based on the estimation of GARCH, EGARCH, FIGARCH, GJR-GARCH, and MMAR parameters, there is a long-term memory in the stock indexes of the Philippines, Indonesia, Malaysia, Singapore, and Thailand that build the characteristics of the market due to the asymmetry information. Based on the MMAR parameter estimation, the sequence of the largest persistent values reflected in Hurst exponent is as follows: Malaysia, Singapore, Thailand, Indonesia, and the Philippines. In ASEAN countries, the value of Hurst exponent greater than 0.5 indicates that the stock indexes of those countries has longterm memory, so they do not follow the random walk by creating 1000 simulations of return series from each model and each country using parameters that have been previously obtained. The value of the scaling function is calculated and compared for the original return sequence and the simulated return series for the starting q from 1 to 5. When comparing the scaling function, the model found to be suitable in general is the MMAR. 
